Aim: Whole body vibration (WBV) is thought to improve blood flow and autonomic balance and thereby induce a relaxation effect, which suggests its use for stress management. However, the relaxation effect of WBV training has not been objectively evaluated thus far. The purpose of this study was to determine the biological response to WBV training by measuring peripheral blood flow and salivary components using non-invasive techniques. Methods: Participants included 10 healthy volunteers (7 men, 3 women; mean age 33.8 ± 2.3) who provided oral consent and served as their own control. Each participant performed 15 types of stretching exercises for 10.5 min on the Power Plate ® and cutaneous blood flow and salivary components were measured before and after the exercise. One week later, all participants performed the same exercise regimen for 10.5 min on a non-vibratory plate, and blood flow measurement and salivary tests were performed in a similar manner. Cutaneous blood flow was measured in the 4th digit for 1 min using the laser speckle flowgraphy. Saliva samples were evaluated for cortisol levels and α-amylase activity. To determine the effects of stretching exercises on the Power Plate ® vs a non-vibratory plate, the differences in pre-and post-exercise peripheral blood flow, salivary cortisol levels, and salivary α-amylase activity were statistically evaluated by the t-test. Results: Mean blood flow before and after the exercise on the Power Plate ® was 122.0 ± 54.2 and 156.7 ± 51.2, respectively; on a non-vibratory plate, blood flow was 136.6 ± 47.9 and 146.3 ± 38.3, respectively. The differences in pre-exercise and post-exercise values of the two training methods were not significant (p = 0.215).
Introduction
Whole body vibration (WBV) training confers the benefits of weight training under minimal effects of gravity through the delivery of accelerating load from an oscillating device [1] . The reported benefits of WBV training in the elderly include enhanced balance, muscular strength [2] [3] , and improved bone density in conditions such as osteoporosis through the application of a mechanical load [4] [5] . Other reported benefits of WBV training include reduction of muscular hypertonicity, strengthening of lower extremities, and improvement in gait particularly in patients with stroke [6] [7] , spastic paralysis [8] , multiple sclerosis [9] , and Parkinson's disease [10] - [12] .
Meanwhile, WBV training appears to have a relaxing effect as well. Physical stimulation of the muscles in WBV training has been speculated to improve blood flow and autonomic balance and thereby induce a relaxation effect, which may be helpful as a form of stress management for the elderly and patients with physical impairments. The WBV device occupies minimal space and can be easily used by patients with physical limitations. Many patients could derive significant benefits by improving both their physical and psychological health through a brief WBV session in a hospital setting if the device was easily accessible.
However, the relaxation effect of WBV training has never been thoroughly investigated. Thus, this study was conducted to objectively determine the biological response to WBV training by evaluating cutaneous blood flow and salivary cortisol and α-amylase levels. Given that peripheral blood flow and stress markers are best measured using minimally invasive techniques, we used the noninvasive laser speckle flowgraphy and saliva testing for our evaluation.
Participants and Methods

Participants
This study was conducted as a within subject design wherein each participant served as his/her own control. Participants included 10 healthy volunteers (7 men, 3 women; mean age 33.8 ± 2.3) who provided verbal consent to participate in the study. Those with difficulty in performing the WBV exercise, with cardiovascular disorders such as hypertension, hyperlipidemia, or diabetes, on drugs that affect autonomic functions, or are pregnant or have the possibility of becoming pregnant were excluded from the study.
Methods
All participants performed 15 types of stretching exercises consecutively for 10.5 min on a WBV platform (Power Plate ® ; PROTEA JAPAN, Tokyo). The different types of stretching exercises and the time required to perform each of them are described in Table 1 and Figure 1 . Cutaneous blood flow and salivary samples were collected before and after the exercise. One week later, all the participants performed the same exercise regimen consecutively on a non-oscillating plate for 10.5 min, and cutaneous blood flow and saliva components were also measured before and after the exercise. All the tests and measurements were taken before 11:00 to account for diurnal changes in heart rate variability and performed in a testing room maintained between 24˚C and 26˚C.
Cutaneous Blood Flow
Laser speckle flowgraphy (Moor FLPI, Moor Instruments, Essex, UK) is a noninvasive device that measures blood flow in real-time without direct contact with the participant. The imager measures blood flow through delivering laser light to the biological tissues and capturing speckle patterns over time. Participants sat quietly while cutaneous blood flow in the 4th digit of the right hand was recorded for 1 min using the laser speckle flowgraphy.
Saliva Collection
Patients retained an odorless and tasteless swab (Salimetrics Oral Swab, Salimetrics LLC, USA) in their mouth for 5 min in a seated position. Swabs were removed and saliva samples were centrifuged at 1500 rpm for 30 min at 4˚C. Samples were stored at −20˚C until analysis since it has been reported that the concentration of saliva samples can be stored long term in a freezer without inducing compositional changes [13] .
Salivary Component Analysis
Salivary cortisol levels and α-amylase activity were measured using the collected samples. Cortisol levels were measured using the Cortisol EIA Kit (Enzo Life Sciences, USA). α-Amylase activity was determined using the Salivary α-Amylase Assay Kit (Salimetrics, USA), and salivary protein levels were used as a proxy in estimating salivary production using the Pierce BCA Protein Assay (Thermo Scientific, Rockford, USA). The α-amylase activity was corrected for flow rates by dividing the activity by the amount of salivary production.
Statistical Analysis
To compare the effects of stretching exercise performed on the Power Plate ® vs a non-vibratory plate, pre-exercise values of cutaneous blood flow, salivary cortisol levels, and salivary α-amylase activity were subtracted from the post-exercise values to determine the magnitude of change in these parameters. The t-test was performed to compare the differences in values obtained during stretching on Power Plate ® vs a non-vibratory plate. Significance was set at 5% for both analyses. The SPSS Ver. 11.5 software was used to perform data analysis. Figure 2 show the mean and standard deviations of pre-exercise and post-exercise blood flow and the difference between the two values. Mean blood flow before and after stretching exercise on the Power Plate ® was 122.0 ± 54.2 and 156.7 ± 51.2, respectively, with a difference of 34.7 ± 42.9. By contrast, blood flow before and after stretching on a non-vibratory plate was 136.6 ± 47.9 and 146.3 ± 38.3, respectively, with a difference of 9.7 ± 31.6. The changes in pre-exercise and post-exercise values (Power Plate ® vs non-vibratory plate) were not significant (p = 0.215). Figure 2 . Cutaneous blood flow before and after stretching exercise on power plate vs non-vibratory plate. Table 2 and Figure 3 show the mean and standard deviations of pre-exercise and post-exercise cortisol levels and the difference between the two values. Mean cortisol levels before and after stretching exercise on the Power Plate ® were 266.6 ± 125 and 204.9 ± 61.6, respectively, with a difference of −61.5 ± 95.0. By contrast, mean cortisol levels before and after stretching exercise on a non-vibratory plate were 439.0 ± 121.7 and 425.8 ± 118.8, respectively, with a difference of −13.2 ± 102.9. The changes in pre-exercise and post-exercise values (Power Plate ® vs non-vibratory plate) were not significant (p = 0.384). Table 2 and Figure 4 show the mean and standard deviations of pre-exercise and post-exercise of α-amylase activity and the difference between the two values. Mean α-amylase activity before and after stretching exercise on the Power Plate ® was 3.74 ± 2.89 and 5.40 ± 3.76, respectively, with a difference of 1.66 ± 4.18. By contrast, mean α-amylase activity before and after stretching exercise on a non-vibratory plate was 3.95 ± 2.23 and 3.28 ± 1.73, respectively, with a difference of −0.67 ± 3.59. The changes in pre-exercise and post-exercise values (Power Plate ® vs non-vibratory plate) were not significant (p = 0.115).
Results
Cutaneous Blood Flow
Salivary Components
Cortisol Levels
α-Amylase Activity
Discussion
Our results show that whole body vibration delivered for 10.5 min on a Power Plate ® improved cutaneous blood flow, decreased salivary cortisol levels, and increased salivary α-amylase activity. These findings indicate that WBV training on a Power Plate ® generates a contradictory activation and inhibition of the sympathetic activity. After exercising on the Power Plate ® , participants had increased cutaneous blood flow, which is suggestive of the inhibition of sympathetic activity because peripheral blood flow reflects the sole regulation of blood vessels by the sympathetic nerves. Under normal circumstances, sympathetic nervous activation results in peripheral vasoconstriction and consequent reduction in blood flow. By contrast, inhibition of sympathetic nerves results in peripheral vasodilation and resultant increased blood flow.
Further, we surmised that a reduction in salivary cortisol levels after stretching could be attributed to the inhibition of sympathetic regulation as well. Salivary cortisol reflects the amount of cortisol secreted into the bloodstream by the adrenal glands in response to adrenocorticotropic hormone release from the pituitary gland. Basco et al. has reported that plasma cortisol levels decrease after WBV training [14] , which is in line with our findings from this study.
On the other hand, salivary α-amylase activity increased among the participants after training on the Power Plate ® , which is indicative of sympathetic dominance. Although significant differences in pre-exercise and postexercise values in response to training on the Power Plate ® vs non-vibratory plate were not found, salivary α-amylase activity decreased after stretching on the non-vibratory plate. α-Amylase is secreted under the influence of both the sympathetic nervous-adrenal medullary (SAM) system (direct nerve activation) and norepinephrine, i.e., under stressful conditions. Overall we found an intriguing simultaneous activation and inhibition of sympathetic activity. The contradictory sympathetic activity after Power Plate ® exercise may be explained by the difference in response times of the measured parameters. The biological stress defense mechanisms include the hypothalamic-pituitary-adrenocortical (HPA) system and the SAM system. The HPA axis is the endogenous, primary mechanism that is activated in stress response to cope with external demands [15] . By contrast, the SAM system is an acute autonomic response first coined as the "fight or flight" response by Cannon (1935) [16] .
Peripheral blood flow is under the sole influence of sympathetic activity and is considered to reflect stress response mediated by the SAM system. In other words, peripheral blood flow is hindered when stress is high due to sympathetic dominance, but the precise response time using the laser speckle flowgraphy has not been reported to date.
Cortisol is a hormone that is released into the blood in response to HPA activation, thus salivary and blood cortisol levels are highly correlated. Cortisol level has been frequently used as a stress marker in various studies. Blood cortisol level is known to reach its peak at 20 -30 min after stress induction [17] [18] .
Meanwhile, α-amylase is used as a marker of the SAM system. It is one of the digestive enzymes in the saliva and pancreatic fluid, and the salivary glands are known to secrete more α-amylase in response to heightened sympathetic activity. In addition, salivary α-amylase secretion is augmented via direct nerve stimulation. Therefore, changes in its activity can be determined very early (within a few minutes) as opposed to the changes in hormone levels which take much longer to respond.
Our findings show that the cortisol levels, which take longer to show changes, decreased initially after the exercise while quick-responding α-amylase activity increased acutely after training on the Power Plate ® . These results suggest that sympathetic activity may be suppressed during the early stages of training on the Power Plate but is subsequently activated after approximately 10.5 min. Taken together, while WBV training may promote relaxation initially, it may subsequently induce stress if performed for longer than 10.5 min. In light of these findings, a shorter exercise regimen appears more useful for inducing a relaxation response, but further studies will need to investigate the effect of exercise duration on autonomic functions over time via heart rate variability to determine the autonomic correlates of WBV training. Alternatively, stretching exercises that are more relaxation oriented and their optimal time should be explored as well. Finally, more studies are needed to determine the effect of WBV in the elderly because our participants were all young and in their thirties.
Conclusion
In our study, we evaluated the biological response to WBV training by measuring cutaneous blood flow and salivary components. We found that WBV appears to regulate autonomic activity, in particular, suppress sympathetic activity and improve bodily functions. Thus WBV exercise may be conducive for stress management, but further investigation is warranted to determine the optimal duration of WBV training for the purpose of alleviating stress.
